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METHOD FOR INHIBITING SOLIDS FORMATION AND BLENDS FOR L'SE THERE I .J 

The present invention relates Co a method for inhib Lzir.z the 
rcrrr.ation of solids, in particular hydrates and/or ice especially in 
the petroleum and natural gas industries. 

Hydrates are formed of two components, water and certain gas 
molecules, e.g. alkanes of 1-4 carbons, especially methane and 
ethane, such as those found in natural gas. These * gas * hydrates 
will form under certain conditions, i.e. when the water is in the 
presence of the gas and when the conditions of high pressure and low 
temperature reach respective threshold values. The gas may be in the 
free state and/or or dissolved in a liquid state, for example, as a 
liquid hydrocarbon. 

The formation of such hydrates can cause problems in the 
petroleum oil and natural gas industries. 

Hydrate formation in the field may cause blocked pipelines, 
valves and other process equipment. 

The problem is particularly of concern as natural gas and gas 
condensate resources are discovered where operating conditions 
surpass these threshold values, i.e. in deep cold water and on-shore 
in colder climates . 

Hydrates can also form in association with the underground 
hydrocarbon reservoir thus impeding production by blockage of 
reservoir pores. 

The problem of hydrate formation is however commonest during 
gas transportation and processing, the solid hydrate precipitating 
from moist gas mixtures. This is particularly true with natural gas 
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wr.icr. when extracted from tr.e well is normally sacurared with vacer 
Crten i r. such a case. ir. a cold climate, hvdrates will form ir. 
downstream ::ar,spor:a::on networks and this car. cause large pressur 
drops throughout the sysce- and reduce or s:op the flow of natural 
gas 

Hydrate formation may also occur during natural eas crvogenic 
liqueraction and separation. 

A typical situation where hydrate formation can occur is in 
or f shore operations where produced fluids are transported in a long 
vertical pipeline, for example, a riser system. Such produced, fiuic 
normally include light gases known to for- hydrates and water In 
such a situation a temperature of a: mo sr. ^.5 3 C and a pressure of a: 
lease 1. MPa (150 psi) would be sufficient for hydrate formation. 

Several methods are known to prevent hydrate formation and 
subsequent problems in pipelines, valves and other processing 
equipment . 

Physical methods have been used, e.g. increasing gas 
temperature in the pipeline, drying the gas before introduction into 
the pipeline, or lowering the gas pressure in the system. However, 
these techniques are either expensive or are undesirable because of 
loss of efficiency and production. 

Chemical procedures have also been used. Electrolytes, for 
example, ammonia, aqueous sodium chloride, brines and aqueous sugar 
solutions may be added to the system. 

Alternatively, the addition of methanol or other polar organic 
substances, for example, ethylene glycol or other glycols may be 
used. Methanol injection has been widely used to inhibit hydrate 
formation. However, it is only effective if a sufficiently high 
concentration is present since at low concentrations there is the 
problem of facilitation of hydrate formation. Also for methanol to 
be used economically under cold environmental conditions there must 
be early separation and expulsion of free water from the well in 
order to minimise methanol losses in the water phase. 

In addition there are problems of ice formation, e.g. in the 
petroleum and natural gas industries. During the exploration and 
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production of oil anc gas in tr.e colder areas of the world, for 
example Alaska, pipelines ar.d associated equipment such as valves are 
also susceptioie to carnage due to ice formation. Ice can also form 
in pipelines containing water and oil/or gas usually at temperatures 
or less than 0 5 C. depending on the gas pressure hydrates may or may 
not also form in the pipeline. Again at present substantial amounts 
or methanol, ethanol or mono, di or triethviene glycol are u> id to 
stop such ice formation. 

Furthermore during winter, serious problems can arise on 
surraces which are susceptible to the formation of ice and snow. 
Roads, walkways, railway points, runways and taxiways are all prone 
to the hazards of ice formation It is also very important that 
aircraft surfaces are maintained free of ice. 

It is a major exercise for local authorities and airports to 
reduce the delay or risk of accident caused by such adverse weather 
conditions and to provide a maintenance service for these areas which 
will allow the safe movement of traffic and the general public. 

Car windscreens are also prone to icing during the winter 
months and it would be advantageous to be able to prevent ice 
formation . 

Ice formation may also lead to damage in the outdoor storage 
and transportation of particulate material, for example, coal. 

Crops and outdoor plants are also susceptible to damage during 
winter conditions. 

It is known to use deicing compositions to treat surfaces which 
have become prone to ice formation. Suitable chemicals which have 
been used include sodium chloride and glycol based formulations. 

Such deicing chemicals are primarily employed as a curative 
measure after the ice has formed. It would be particularly 
advantageous to be able to inhibit the formation of ice on 
susceptible surfaces as a preventative measure. 

We have now found certain additives which may be used as 
effective hydrate or ice inhibitors at low concentrations. 

Thus, according to the present invention, there is provided a 
method for inhibiting or retarding hydrate or ice formation, which 
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mecnoc comprises adding ar. additive ■; here ir.af :e: called :r.e Additive 
vhicn :s a: leas: :ne c : ; ar. ammo acid or derivative hereof 
;ii: ar. a.nir.o alconol or derivative thereof, (iii) a sivco: ether or 
derivative hereof (iv; a hydroxy acid or a derivative thereof, and 
-'.v; a corrosion inhibitor, the Additive being acaea ir. an amount 
effective to inhibit or retard hydrate or ice formation, to a medium 
susceptible to hydrate cr ice fc -macion, with the proviso that 
Additives (i; which are of Formula II below are not added as sole 
Additives or in admixture as sole other Additive with Additive fv) 



rhe Additive (i}-.;iv) and often v; 



ls usua^y at least 
dirunctionai , e.g. with 2-u functional groups. It preferably nas a 
structure including an oxygen atom in an ether group or hvcroxvl 
group and at least one of anotner oxygen atom in an etner or keto 
group and a nitrogen atom in an amino group, said 0 and N and/or 0 
atoms being spaced by 1-6, preferably 2-5, especially 2 or 3 carbon 
atoms, which may be in an aliphatic, cycloal ipha t ic or aromatic 
group . 

The Additive (i) may be an amino acid or derivative thereof, in 
particular one with at least one asymmetric carbon acorn; the Additive 
may be in the racemic form, but is preferably optically active, i.e. 
in D or especially L-form. The Additive (i) may be in the form of 
the free carboxylic acid (including a carboxylic anion form, e.g. as 
a sodium or potassium salt) or as a derivative of said carboxylic 
acid, e.g. as an amide (e.g. with ammonia or with a primary amine 
which may or may not be a hydroxy organic amine) or hydrazide (e.g. 
with hydrazine) or an ester, e.g. as an alkyl ester, e.g. with 1-6 
carbons such as a methyl or ethyl ester, or a hydroxyalkyl ester, 
e.g. with 1-6 carbons such as hydroxymethyl , 1 or 2 hydroxyethyl , 2 
or 3 hydroxypropyl ester. The amino acid (or derivative) is 
preferably an alpha amino carboxylic acid, especially with the amino 
and carboxylic acid groups bonded to an aliphatic carbon atom, 
especially a -CH- group. The amino group in the amino acid may also 
be in a non alpha position relative to the acidic group, e.g. in a 
beta, gamma or delta position, especially terminal on an alkyl, 
phenyl or phenylalkyl group attached to the acidic group; examples 
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are omega ammo alkanoic acids such as u..a::ino butyric acid and o- 
amino phenyl acetic acid Iminodiacetic and M-hvdroxv methvl 
iminodiacetic acid may also be used. The Additive may contain an 
amino group in NH9 or N"H3 form (whether as a sale, e g. hydrochloride 
or hydrobroiiiide or zwitter ion form) or an N-acvl derivative thereof, 
such as with an alkanoic acid, e.g. of 1-10 carbons such as acetic 
acid, or an aromatic acid, e.g. of 6-16 carbons such as benzoic acid 
or a carbonate half escer such as a monoalkyl carbonate, e.g. mono 
tert butyl carbonate or an aromatic or araikvi carbonate, e.z. phenvl 
caroonate cr benzyl carbonate. Derivatives of the amino acid with an 
N T -hydroxy alkyl group, e.g. of 1 - U carbons, e.g. 1 cr 2 carbons such 
as hydroxyme thy 1 may also be used; such derivatives may also involve 
an NH ring in which the hydroxy 1 and acid groups are substituents as 
in hydroxy proline. Examples of such amino acid derivatives with an 
N-hydroxy alkyl group are N- sulphoalky 1 and N - carboxyalky 1 
derivatives of Additives (ii) as further described below; such 
compounds may be 1, 2 or 3 sulphoalky lene or especially 1,2 or 3 
carboxyalky lene derivatives, especially linear alkylene derivatives. 
Especially preferred are those derivatives which are N - derivatives of 
a tris (hydroxyalkyl) alkylamine , in particular tr is (hydroxyme thy 1 ) 
methylamine, such as N-[(tris hydroxyme thy 1 ) me thy 1 ] glycine. 

The Additive (i) is however preferably of formula (I) R- 
CH(NH2>C00H (or a derivative thereof), wherein R represents hydrogen 
or an aromatic, aralkyl, heterocyclic, heterocyclic aliphatic, 
cycloaliphatic or aliphatic group. The aromatic group preferably has 
6-20 carbons, e.g. 6-10 carbons, such as phenyl optionally 
substituted by amino, hydroxyl carboxylic or alkyl, e.g. of 1-6 
carbons such as methyl or ethyl or alkoxy, e.g. of 1-6 carbons such 
as methoxy or ethoxy. The aralkyl group preferably comprises an 
aromatic group as described above and the alkyl part of the aralkyl 
group preferably has 1-4 carbons such as methyl or 1 or 2 ethyl. The 
heterocyclic ring in the heterocyclic or heterocyclic alkyl group may 
be a nitrogen heterocyclic ring with 1-3 ring nitrogens as in a 1,3- 
imidazole ring. The cycloaliphatic group may have 5-8 carbons, e.g. 
cyclohexyl or cyclopentyl. The group R is especially an aliphatic 
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P e.g. or .-6 carbon azc-s . ir. par:ic;:la: a saturated 

F : 



/crocarbyl group, e.g. linear or branched and optional! 



substituted , especially in a terminal position in the hydrocarbyl 
group by at lease one of a hydroxy!, alkoxy, inercapto or alkvi thio 
group, e.g. with 1-6 carbons, especially 1 or 2 carbons in the alko> 
and alkyl thio group, or an ammo group, e.g. of formula -N'R-r2, 
-nerem eacn of R L and R- which may be the same or ifferent 
represents hydrogen cr alkyl of 1-6 carbons such as methyl cr ethyl, 
or may oe an N'HC = NH - vNH 2 ) group , as such or in a salt form) or a 
ureido or carboxylic acid group or ester <e.g. alkvi or hydroxvaikvi 
ester; or hydracide or amide thereof. 

Thus the amino acid which is the Additive (i) or from which it 
is derived, may be a basic amino acid with 2 or 3 amino groups and 1 
carboxylic acid group, such as ornithine, lysine, arginine or 
guanidine or histidine, especially in its L-form, or an acidic amino 
acid with 2 or 3 carboxylic acid groups and 1 amino group, such as 
glutamic or aspartic acid or amide, especially in its L-form. Most 
preferably, however, the amino acid, which the Additive (i) is or 
from which it is derived, has 1 amino and 1 carboxylic group (or 
derivative thereof) especially one of formula I, in which R is alkyl 
or hydroxyalkyl, alkoxyalkyl, mercaptoalkyl or alkylmercaptoalkyl 
group or in the case of mercaptoalkyl groups (as in cysteine) the 
corresponding disulphide (as in cystine); such amino acids are 
preferably in their L forms. The Additive is thus preferably serine, 
threonine, valine, leucine, isoleucine, homoserine, methionine, 
cysteine or cystine; L-serine is preferred. 

When used alone or in the presence of a corrosion inhibitor as 
sole other additive the Additive of formula 1 is not of formula II 

f\ H 

where R 3 is 0 H . OCH3 . OC 2 H 5 , NHNH 2 or H, R 4 is NH 2 or NH3 , each of X, 
Y and Z is hydrogen or OH and n is a number in the range 0 co 6 , or a 
polymer thereof when R 3 is NH 2 . Thus except in mixtures with an 
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Adeitive i ■ i :vj phenylalanine and tyrosine and their carooxvLic 
acid derivatives ^re preferably excluded However, mere :.av be used 
compounds c: formula II, wherein at lease one of X, y and 2 
represents an alkoxv, acyloxy, kero ammo or carboxvi zrouc such as 
an alkoxy group of 1-6 carbons, e.g methcxy or echoxy, or acvloxv 
such as aliphatic acyloxy, e.g. of 1-10 carbons such as acetoxv, or 
keco as m aikylkeco wich 2-6 carbons, e.g. CH3CO- . Advantageously, 
however, in the additive of formula I. group R does not comprise an 
arcmat ic group . 

The amino acid may also be an amino sulphonic acid, e.g. with 
an aliphatic group, e.g. of I - 10 carbons, aromatic group, e . ^ . of 6- 
16 carbons or eye loaliphacic group, e.g. of 5-7 carbons, to which the 
ammo and sulphonic groups are attached. Taurine and amino benzene 
sulphonic acid may be used. 

The Additive (ii) may also be an. hy droxyamine , which is usually 
an aliphatic compound with 2-10 carbon atoms, especially 3-6 carbon 
atoms, in particular a saturated aliphatic compound. The Additives 
(ii) may contain 1-5 hydroxyl groups, e.g. 1 , 2 or 3 hydroxy groups 
and 1-3 amino groups, e.g. 1 or 2 amino groups, which may be of 
formula NR L R 2 , where R 1 and R 2 are as defined above. The Additive 
(ii) may be a secondary or tertiary amine, but is preferably a 
primary amine, e.g. with 1 NH 2 group, and with 1-3 hydroxyl groups 
and has especially an alkane group, which may be linear or branched, 
substituted by such amino and hydroxyl groups which are preferably 
attached to adjacent carbon atoms. The hydroxyamine may be used as 
such or in the form of a salt with an inorganic acid, e.g. 
hydrochloric acid or an organic acid, e.g. an aliphatic mono or di 
carboxylic acid such as one with 1-10 carbon atoms, e.g. acetic or 
propionic acid or maleic or oxalic acid. Examples of such Additives 
(ii) are tris-(2 hydroxyethy 1 ) amine, tyrosinol or valinol (e.g. the 
L isomer) and especially tr is -hydroxyme thy 1 -me thy lamine (H0CHo) 3 CNH? 
and its corresponding ammonium chloride salt. 

The Additive (iii) may also be an ether, which contains at 
least 1 such as 1-6 ether oxygen atoms and 0-6, e.g. 1 oxygen atoms 
in a hydroxyl group, the number of ether oxygen atoms being 
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preieraoiy a: lease the same as and especially C-3 more than, the 
r.umbe r or hvdrcxvi oxvger. atoms Preferablv the Additives .'iii'i are 
glycol etr.ers, derived structurally from a diol. e.g. an aliphatic 
die. c: caroor. atoms such as ethylene givcol or 1 . 2 - 1 roo v lene 

glycol, or structurally from a self condensate thereof. e.£. di or 
trie thy lene glycol, or mixtures of said dicis. One or both hvdroxvl 
groups from such diois (or condensate thereof* may be etherified, 
e.g. with an alky 1 group such as one with L - 10 carbons e.g. methyl, 
ethyl, n-propyi or n-butvi Preferably such Additives - ni' are the 
reaction products of an alkanol with ethylene oxide and, or orooviene 
cxioe. One or more hvdroxvl groups in the ether may be acvlated 



e.g. w 1 1 n an aliphatic or aromatic acyl group with 1-1G or 6- 



L 0 



carbon atoms respectively such as acetyl or benzoyl. Examples are 2 
butoxyethanol (monobutyl glycol ether) and 2(2 i -butoxv ethoxy) 
echanol (mono butyldie thy lene glycol ether) and their corresponding 
ace taces . 

The Additive (iv) is a hydroxy acid (especially a hydroxy 
carboxylic acid) which may be an aliphatic, aromatic, cycloaliphatic , 
cycloaliphacic-aliphatic or araliphatic compound with 1-20, 6-20, 5- 
7, 5-25 or 7-20 carbon atoms respectively. Preferably the aliphatic 
hydroxy acid is an alpha hydroxy acid, e.g. of 2-6 carbons such as 
glycollic, lactic or citric acid, while the aromatic and araliphatic 
acids may be salicylic, p - hydroxybenzo ic or 2 - ( p -hydroxyphenyl ) 
propionic acid. Derivatives of the additive (iv) on the carboxyl 
group may be used such as salts, e.g. with alkali metals, esters, 
amides or hydrazides, in particular when the additive (iv) contains 
at least one group -COX where X is as defined below. However, 
preferably the hydroxy acid is a cycloaliphatic - aliphatic compound, 
especially one with at least one of a keto and an olefinic 
unsaturated group, in particular abscisic acid or a derivative 
thereof of formula 




CH-CH C - CM - C 

C M 3 O 
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vnerem X represents OR D , wherein is hydrogen or aikvi, e.z. of 1- 
6 carbons optionally hydroxy subs c i tu red , such as methvl. etnvl or 2- 
hydroxve thv L , or X represents amino :e.g. N T H ) or hvdrazido [e.g. 
N : HNH : : 

All isomers of the aforementioned abscisic acid derivatives may 
be suitable for use in the method of the present invention. A 
p aferred compound for use in the present invention is ( +/ - ) - 2 - c is . 4 - 
trans abscisic acid. 

The additive (v) is a corrosion inhibitor, e.g. for steel and 
usually one suitable for use in anaerobic environments, and is 
especially a p.icro^enous one with 1 or 2 nitrogen atoms. The 
corrosion inhibitor may be a primary, secondary or tertiary amine, or 
a quaternary ammonium salt, usually in all cases with at least one 
hydrophobic group, usually a benzene ring or a long chain alkyl 
group; the inhibitor preferably has surfactant activity and 
especially surface wetting activity. It may be a quaternary ammonium 
salt, a long chain aliphatic hydrocarbyl N-heterocycl ic compound or a 
long chain amine. The quaternary salt may be an (optionally alkyl 
substituted) benzyl trialkyl ammonium halide, in particular when at 
least 1 and especially 1 or 2 alkyl groups is of 1-20, in particular 
8-20 carbons such as cetyl and the other alkyl groups are of 1-6 
carbons such as methyl or ethyl; examples are benzyl alkyldime thyl 
ammonium chloride and Benzalkonium chlorides. The aliphatic 
hydrocarbyl group in the heterocyclic compound usually has 8-24 
carbons in the hydrocarbyl group, preferably a linear saturated or 
mono or die thy lenically unsaturated hydrocarbyl group; cetyl-, 
scearyl and especially oleyl- groups are preferred. The N- 
heterocyclic compound usually has 1-3 ring N atoms, especially 1 or 2 
which usually has 5-7 ring atoms in each of 1 or 2 rings; imidazole 
and imidazoline rings are preferred. The heterocyclic compound may 
have the aliphatic hydrocarbyl group on an N or preferably C atom in 
the ring; the ring may also have an amino-alkyl (e.g. 2-amino ethyl) 
or hydroxyalkyl (e.g. 2 -hydroxyethyl ) substituent, especially on an N 
atom. N-2-aminoethyl-2-oleyl-iraidazoline is preferred. The long 
chain amine usually contains 8-24 carbons and preferably is an 
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:p:'.a::c primary amine, wr. icr. :s especially saturated or mono 
: thy .er.;ca; 1 v ■ msacura ceci , ar, example is ciodec vlamme . 

Mixtures of Additives of cne same cvpe f i ; fii). ( i i i ': { iv \ 
::\ay be usee, hue also mixtures of different tvpes ;' i : ■■«.•«;•■ 
.'iv; and/or (v) , especially mixtures of ;v) and at least one 
. a:j , iii) and (iv;. The fixtures may contain at least L?: , 
out preferably at least 10*: and not more than 90?: of each Additive, 
especially in the form of two component mixtures with 25-75; ^5-25 
ratios of the two components which are in particular mixtures of (i) 
- r - c .in" • Such mixtures form, another aspect cf the invention, sc 
cnere :s also provided a blend which comprises a mixture of at lease 
ewe Additives (i), (ii), (iii}, (iv) and/cr (v) apart from mixtures 
consisting solely of an Additive of Formula II and (v) ; such blends 
are primarily for use as gas hydrate and/or ice inhibitors. 

Additives (i-iv) of the present invention for use as hvdrate or 
ice inhibitors are preferably water soluble, e.g. to at least 10 g/1 
in water at 20 9 C. They may be used undiluted, but preferably are in 
solution such as aqueous solution, for example, as a solution in 
brine, or preferably an alcohol, for example, a water miscible one 
such as methanol or ethanol. Preferably are used Additives i-iv, an 
aqueous solution of which has a pH 1.5-12, e.g. 4-9, either naturally 
or after adjustment of the pH . Additives (v) are preferably used in 
alcoholic solution. 

The Additive(s) is suitably injected at concentrations in the 
range 10 to 200,000 or 10 to 20,000 ppm, e.g. 30 to 10,000 ppm, 
especially 50-1200 ppm based on the total water volume in the medium, 
in which hydrate or ice formation is to be inhibited, in particular 
at concentrations in the range 100-700 ppm. The amount of methanol, 
ethanol, or mono, di or tri ethylene glycol added relative to the 
total water volume in the medium is usually less than 107., e.g. less 
than 5% or 27., but especially less than 10,000 ppm. 

The inhibitors may be injected at normal ambient conditions of 
temperature and pressure. 

For use as ice inhibitors they may be applied in the form of a 
spray or aerosol. They may be applied as a coating in combination 



SUBSTITUTE SHEET (RULE 26) 



WO 94 .24413 PCT GB94.0075T 



vich a suitable carrier material or chickening agenc 

It has also been found :r.a: blends of a: Lease one Additive ana 
^ polymer of a polar e thy lenical lv unsaturated compound can give 
synergistic results compared co the ingredients above, so that blends 
o: at leas: one Additive and a polyvinyl pyrrol idone, had a £as 
hydrate inhibition time in a test very many more times than each 
individually, e.g. at least two times more than the sum of their 
individual times 

The Additives may thus also be used in formulations which also 
comprise a polymer of a polar e thy lenical ly unsaturated compound; 
these Formulations constitute another aspect cf the invention. 

The polymer of the polar e thy lenic a 1 ly unsaturated compound is 
usually water soluble (to at least 10 g/1 at 20 2 C) and advantageously 
has a molecular weight of 1000-1500,000, e.g. 5000-1,000,000, 
preferably 200,000-1,000,000 and especially 400,000-900,000. The 
e thy lenical ly unsaturated compound is preferably a vinyl or methyl 
vinyl group, and the polar group may be an alcohol, carboxylic acid, 
sulphonic acid or N -he te rocyc 1 ic group, especially pyrrolidone. 
Preferred polar compounds are thus vinyl sulphonic acid, acrylic and 
methacrylic acids and N-vinyl pyrrolidone and "vinyl alcohol". The 
polymers may be copolymers, but are preferably homopolymers of these 
polar compounds, especially polyvinyl alcohol (e.g. hydrolysed 
polyvinyl acetate), polyacrylates and polyvinyl pyrrolidone. The 
amount of said polymer is usually 10-1000%, such as 50-300% or 90- 
250% based on the weight of the total of Additive(s) . 

Formulations may be used in amount of 50-10,000 ppm, especially 
150-2000 ppm, e.g. 500-1500 ppm relative to the total water in the 
medium in which hydrates or ice may form (including any water added 
in the formulation) . The formulations may comprise the corrosion 
inhibitor (Additive (v)) and the polymer as well as the Additive (i- 
iv) , which are then preferably in the weight ratio 5-200:100- 
2000:100-2000, especially 10-100:400-800:150-500 or as percentages of 
the total formulation weight of corrosion inhibitor, polymer and 
Additive (i-iv) of 1-20%, 40-80% and 10-50% respectively, especially 
1-10%, 50-70% and 20-40% respectively. In the Formulation, Additive 
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is usually preserve m ar. air.cun: or 0 . I-5C\ by weight cf "he 
local cf Acdi rives a-iv.' . e g 1-25'i. especiailv 5-22":. 

The Formulation Tay also contain another hvcrate or ice 
inhibitor ar.d/or a ware: ciispersar.: or surfacrar,:, in particular an 
anionic one such as sodium dodecyl sulphonate or stearic acid and in 
amount of 1-10* of the Formulation weight and/ or a biocide, e.g. 
formaldehyde, e.g. in amount of 10-10,000 ppm and/or a metal 
complexant such as citric acid (e.g. in amount cf 10-10,000 ppm) all 
amounts being in relation to the total weight cf the Formulation. 

The Formulations may be used to retard or inhibit hvcrate cr 
ice rormacicn in the same manner as the individual Additives, as 
described above 

The inhibitor Additives and Formulations of the present 
invention are suitable for use in media containing water and gas, in 
particular in the petroleum, natural gas and gas industries. 

In particular, they may be suitable for use during the 
transportation of fluids comprising gas and water. They may also be 
suitable for use in oil based drilling muds to inhibit hydrate 
formation during drilling operations. 

In another aspect therefore the invention provides an oil based 
drilling mud, which comprises as hydrate inhibitor at least one 
Additive, as such or in a Formulation. 

When used during the transportation of fluids, e.g. gases in 
pipelines the inhibitors may be injected continuously or batchwise 
into the pipeline upstream of conditions wherein hydrate formation 
may occur. 

In drilling operations the inhibitors may be added to the 
drilling muds in the mud tank at the wellhead. 

The Formulations may be used to retard or inhibit ice 
formation . 

In use against ice the material of the present invention may 
suitably be used on surfaces which are particularly susceptible to 
ice formation. Typical surfaces include airport runways, taxiways, 
roads, walkways, windscreens and aircraft, especially the main wings 
thereof. 
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Suitable media induce bulk so lut i ens . for example, storage 
tanks. 0:r.e: suitable media are cool in. z systems, for example, 
radiators for motor vehicles. 

The method of the presen: invention may be primarily used 
before the surface or medium is exposed to a freezing, environment as 
a method of protection against the formation of ice on the surface or 
in the medium . 

The ice inhibitors of the present invention may be used alone 
or with other ice preventative chemicals 

For example, they may be used with deicmg chemicals such as 
those disclosed in European patent application E? 37:21- This 
discloses a deicing composition comprising an aqueous solution of an 
alkali metal acetate and/or an alkali metal formate, an alkali metal 
phosphate and an alkali metal nitrite. 

It will be understood by those skilled in the art that the ice 
inhibitors of the present invention may be used in conjunction with 
ice dispersants and other conventional additives. 

The invention is illustrated in the following Examples. 
ExampI es 

To assess the efficiency of hydrate inhibitors suitable for use 
in the method of the present invention, tests were carried out using 
the following procedure: 

The hydrate inhibitor test apparatus consisted of a simple 316 
stainless steel pressure cell, with a usable internal volume of 1000 
cm-* with a thermos tated cooling jacket, a sapphire window, an inlet 
and outlet and a platinum resistance thermometer. The cell contained 
water which was stirred by a magnetic pellet. Temperature and 
pressure were monitored and the results provided on a computer data 
logger; gas hydrates were also detected visibly using a time lapse 
video recording system. Before each test the cell was cleaned 
thoroughly by soaking successively in 102 aqueous hydrochloric acid 
for 1 hour, 107. aqueous sodium hydroxide solution for 1 hour and then 
double distilled water. 

Into the cell was placed 200 cm 3 of pre-chilled double 
distilled water with or without the chemical to be tested. A PTFE 
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stirrer pellet was cher, place- in tne cell and the pH of the solution 
measured with subsequen: adj us :.i:er. : if desired bv the addition of 
small bur concentrated amounts of r.ycroc h 1 o r i c acid cr sodium 
hvci-ox — e. After sealing tell :he water was tnen stirred at -50 

rp:r. and allowed to cool to the operational te-pe ra ture of 2 2 C. '«T n er. 
this temperature was reached the stirrer was stopped and the video 
recorder s:. -ted. Methane was tnen admitted to the cell until the 
pressure reached 70 bar and the temperature, pressure and time were 
noted. The stirrer was restarted to run at -30 rpm and the time 
noted Hydrates were observed to form in the vessel when the 
solution in the vessel turned opaque, coincident with which was a 
share temperature increase cf about 0 . 2 - C and a gradual pressure 
reduction. The time from first contact of water and gas to formation 
of hydrate was read from the logger. 

The experimental conditions are a very severe and accelerated 
test of gas hydrate formation and inhibition. 
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Additive j Concentration i pH j Inhibition Time 



A [ None ; - j - | 6-8 



* 


, L-arginine 


1 2 GO 


1 * 

! ~ : 


! 
1 




L-arginine 


2 00 




13 




L- argmine 


2 00 


k u 


1 

14 




L- cys cine 


400 


1 


| 

19 




L- his t idine 


200 


2 . 0 


14. 5 


6 


L- his t idine 


400 


2 2 


12.5 




^ - leuc me 


i 

i 200 


2 . 5 


n £ - 


-5 


L- leucine 


4 00 


2 2 


■ 1 ~ 


9 * 


L- me thionine 


600 


1 . 8 


1 1 1 


10 v 


L-methionine 


800 


1 . 8 


\ 

46 


]_ ]_ 


L- serine 


1000 


2 . 0 


13.5 


1 2 * 


L- serine 


400 


2 . 5 


35.5 


13 


Taurine 


400 


2 . 5 


12 


14* 


Tris*** 


400 


0 o 


34 


15 


Tris*** 


400 


9 . 5 


10 


16 


Tris*** maleate 


400 


4.2 


11 


17 


Tris*-* maleate 


1000 


4.0 


11 


18 


L- valinol 


400 


2.2 


14 


19 


Abscisic acid 


400 


3 . 5 


20 


20 


3- [4 hydroxyphenyl ] 


400 


3.5 


10 




propionic acid** 


1000 


3.3 


14 


21 


Tris g 1 y c i ne **** 


400 


5.0 


16 



In the above Table 

* denotes experiments with a stirring speed of 500 rpm 

** denotes an experiment with a cell water temperature of 2.1 fl C 

*** Tris denotes tris (hydroxymethyl) methyl amine 

**** Tris glycine denotes N - tris (hydroxymethyl ) me thy 1 glycine 
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Examples 5 22 ?.r. cj 2 2 

The process c : Examples A and 2-21 was :ecea:ed with 
tr is (hydroxyme thy 1 : methyl ammonium chloride and the same ccr.diti 
-pare from n ;2 ba; pressure of methane The results were as 
: o 1 lows . 



Example 


i Cone . c f Addi t i » » 
1 oo:n 


pH 


Inhibition Time 


3 


1 o 




ii 


22 


400 


5.5 


15 


23 


600 


. . i 





Examples C and 2jw3 

The process of Examples A and 1-21 was repeated with various 
ether additives and the same conditions apart from a 4 fl C cell water 
temperature and 500 rpm stirring speed. The results were as follows 



Example 


Addi tive 


Concentration 
pprn 


pH 


Inhibition Time 
(mins ) 


C 








6 


24 


BDGA 


600 


4.5 


18 


25 


BGE 


600 


4.5 


43 


26 


BGE 


1200 


4.05 


43 


27 


BDGE 


600 


4.2 


42 


28 


BGA 


600 


4.4 


18 



BDGA denotes diethylene glycol mono n-butyl ether mono acetate 

BGE denotes ethylene glycol mono n-butyl ether 

BDGE denotes diethylene glycol mono n-butyl ether 

BGA denotes ethylene glycol mono n-butyl ether mono acetate 

Examples 29-35 

The process of Example C and 24-28 was repeated with various 
blends of compounds as described below. 
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Arid: z ive s 

\ i ) A L-Tyrosir.e 3 L-Methionine 

vii) C 7ns ( hvdroxynie chyl ) me thy laminon ium nycrochlo r ide 
(' v ) D Corrosion inhibitor N-2 a;n moe thy 1 - 2 - o 1 ey I - 
imidazo line 

(v) E alkyi benzyl dime chyl ammonium chloride sold by 
Hoechst under Che Trade Mark DODICEN 5-62 as a 
corrosion inhibitor. 
Vinvl Polymer 

PVP Polyvinyl pyrroiidone of Molecular weight Otv) about 
"CO . TOG ;:rom SDH Ltd'- 

The results were as follows, with an averaged inhibition 
time from several experiments. 



Examp le 


Add! t ive 


PVP Amount 


pH 


Inhibition Time 




( ppm) 


(ppm) 




(min) 


29 


C345 


D39 


381 




390 


30 


C356 


D25 


600 


4.5 


189 


31 


A3 14 


D39 


608 


11. 3* 


230 


32 


A351 


D156 


607 


4.3 


38 


33 


B344 


D31 


614 


11. 3* 


106 


34 


C356 


E50 


600 


5 . 3 


534 


35 


C356 




600 


5.3 


80 



-Denotes pH adjusted with concentrated aqueous ammonia. 



Examples D and 36-39 

To assess the efficiency of ice inhibitors suitable for use 
in the method of the present invention, tests were carried out 
using the following procedure: 

Six plastic pots, each containing a stirring paddle and a 
thermocouple for temperature measurement, were placed in a cooling 
bath. The bach itself had two thermocouples and two additional 
stirrers to ensure even mixing. All Che chermocouples were 
connected to a Magus data logging system. 
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Test sciuacr.s were prepared in. ICC ...1 flasks, a L'l so Luc: or. 
equivalent :o a 1 g of active compound in ICC xl water. 
Thus 1 ml of a 1*. solution in IOC ~1 water gave a concentration of 

i:: ?pir. . 

The test solutions were prepared fro- twice distilled water 
and placed together with 1 g of Sallatini into each pot. Two of 
the pots contained water without any inhibitor ^ '.emical for 
reference . 

The test solutions were stirred with the cooling bath kept 
' — tnroughcu: anc the ti-e fcr ice formation to occur 
monitored by the data logging svs te:r, 

The results are given in the Table which clearly shows the 
ice inhibiting effect of the chemicals tested. 
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1 ExaniDie 


! Inhibitor 


Cor.cep.:ra:ion Time nor 


Ice Fo rma rion 


! 


1 


C O T. 


hr s * 


1 D 


! Deionized water 


j . ; 


— — , 

i 


! 

3 6 

i 


j ( + - ) 2 - c i s , u - 
j rrans 

! abscisic acid 


i 2S0 j 

| 400 1 
i ! 


48+ j 
43^ 


I 

3^ 


L- Ivsine 


! 




3 3 


1 G 1 vc ine 




1 

6.9 


3- 


! D L - 1 v s i n e 


( 


i 




the -ear duraao- 


based on several :as: rur.s . 





Example 40 

The inhibitor blend of Example 34 was tested in a field 
criai in the North Sea. A wee gas line comprised water and 
nacural gas, which was put "in mole % " carbon dioxide 0.59%, 
nicrogen 1.08%, methane 93.89%, ethane 3.49%, propane 0.57%, 
isobutane 0.1%, butane 0.12% and C 5 + hydrocarbons remainder. The 
gases were at 12.2°C (54°F) and 6 . 13MPa (890psi) and passed 
through a valve which could be partly closed no a fixed position, 
resulting in extra cooling which gave solid gas hydrates in the 
absence of added inhibitors; formation of hydrates was shown by an 
increase in the back pressure in the line up stream of the valve. 

Into the gas line with the valve open was added continuously 
for Ihr an aqueous solution of Additive E. Then Che blend of 
Example 34 was injected continuously at 500ppm total level, 
following which the valve was partly closed to the fixed position, 
and the upstream pressure watched. After 5hr, the pressure 
started to rise. After reopening the valve and dispersion of 
hydrates the pressure returned to the previous value. 

The trial was then repeated with lOOOppm of the blend 
injected continuously; no pressure increase was observed over 
14hr, so the level of continuously injected inhibitor was then 
reduced to 750ppm, resulting in no pressure increase over the next 
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ahr - and cheR reduced further to SCOp?.- with still no increase in 
pressure after a further Ghr while the blend was added The 
injection of inhibitor was then stopped. After Shr the upstream 
pressure started to rise denoting restart of gas hvdrate 
formation; addition of methanol resulted 1 min later in onset of a 
reduction of the extra pressure. 
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Claim 3 

1. A method for inhibiting or retarding hydrate or ice 
rormation, which method comprises adding an additive 'hereinafter 
called the Additive) which is at least one of (i) an amino acid or 
derivative thereof, (ii) an amino alcohol or derivative thereof, 
(in) a glycol ether or derivative thereof (iv) a hydroxy acid or 
a derivative thereof, and (v) a corrosion inhibitor, the Additive 
being added in an amount effective to inhibit or retard hydrate or 
ice formation, to a medium susceptible to hydrate or ice 
formation, with the proviso that Additives (i) which are of 
Formula II, are not added as sole Additives or in admixture as 
sole other Additive with Additive (v) . 

2. A method according to claim 1 wherein the Additive is water 
soluble . 

3. A method according to claim 1 or 2 wherein the Additive (i) 
is tris N-hydroxymethyl glycine or an alpha amino acid of formula 
R-CH(NH2)C02H , wherein R represents an alkyl, hydroxyalkyl , 
alkoxy-alkyl, mercapto alkyl (or corresponding disulphide) or 
alkyl mercapto alkyl group. 

4. a method according to claim 1 or 2 wherein the Additive is a 
hydroxy primary amine, preferably trihydroxymethyl-methylamine . 

5. A method according to claim 1 or 2 wherein the Additive is a 
glycol ether which is derived from a diol or self condensate 
thereof with one hydroxyl group etherified, or an acyl derivative 
of such a glycol ether. 

6. A method according to any one of claims 1-5 wherein an 
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Add i t :ve comprises a corrosion inhibitor, which is a quae erne rv 
ammonium sale, a long chain aliphatic hvdrocarbvl N - he teroeve lie 
compound or a long chain amine. 

A method according zo any one of claims 1-6 wherein the 
Additive comprises Additive (v) and at least one or (i)-iiv). 
S. A method according to any one of claims 1-6 wherein the 
Additive comprises at least one polymer of a polar e thvlenicallv 
unsaturated compound. 

A method according to claim 8 wherein said unsaturated 
compound contains an N - he t e rocyc 1 i c group. 

10. A method according to claim 8 or 9 which comprises adding 
Additive (v), at least one of i-iv and said poivmer. 

11. A method according to any one of claims 1-10 wherein the 
Additive concentration is 30 - 10 , OOOppm , based on the total water 
content of the medium. 

12. A method according to any one of claims 1-11 wherein the 
amount of methanol, ethanol, or mono, di or triethylene glycol (if 
any) present relative to the total water volume in the medium is 
less than 5%. 

13. A method according to any of claims 1-12 wherein the 
Additive ( ) retards or inhibits formation of lower alkane 
hydrates . 

14. A method according to any of claims 1-12 wherein the 
Additive(s) retards or inhibits formation of ice. 

15. An inhibitor formulation comprising a mixture of at least 2 
Additives (i)-(v) each of which is as defined in any one of claims 
1-7. 

16. A formulation according to claim 15 which also comprises a 
polymer as defined in claim 8 or 9. 

17. An oil based drilling mud comprising at least one Additive 
(i)-(v) as defined in any one of claims 1-7. 

18. Use of an Additive as defined in any one of claims 1-7 or 
formulation according co claims 15 or 16 in the transportation of 
fluids comprising gas and water. 
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